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Power supply for feeding and igniting a gas discharge lamp. 



The invention relates to a power supply for feeding and igniting a gas 
discharge lamp, said power supply comprising: 

a) input terminals for connection to an AC mains supply having a mains supply 

frequency, 

5 b) output terminals for connection to a gas discharge lamp having a pair of 

discharge electrodes between which a column discharge is maintainable during lamp 
operation, 

c) ballasting means connected between said input terminals and said output 
terminals, said ballasting means providing an AC voltage at said output terminals to maintain 

10 a column discharge between the discharge electrodes of the discharge lamp alternately with 
one polarity and with the opposite polarity at a frequency substantially higher than the mains 
supply frequency, and 

d) end of life detection means for detecting an asymmetric operating state of the 
lamp in which the lamp current for the column discharge of one polarity is different from the 

15 lamp current for the column discharge of the other polarity, and for switching off the lamp if 
a said asymmetric operating state is detected, which end of life detection means comprise 
DC-voltage detection means for detecting a deviation of a DC-voltage from a nominal value 
due to a said asymmetric operating state. 

20 

Such a ballast is known from US 5 475 284. During lamp oj)eration, 
ballasts for gas discharge lamps commonly provide an AC voltage across the lamp so that the 
lamp current is alternating and a column discharge is maintained between the lamp electrodes 
during both the positive and negative half-cycles of the AC output voltage. During the 
25 positive half-cycle one electrode is the cathode and the other is the anode. The electrodes 
assume the opposite function for the negative half-cycle. When an electrode is the cathode it 
emits electrons to ignite and maintain the column discharge during the respective half-cycle. 
The electrodes typically include an electron emissive material which provides an ample 
supply of electrons when the electrode is the cathode. During lamp life, the discharge 
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electrodes age and lose emitter material through known processes, typically at a slighUy 
different rate. ConsequenUy, it is common for the lamp to reach an end-of-life condition in 
which one of the electrodes, when the cathode, is unable to supply sufficient electrons to 
ignite and maintain the column discharge, which results in a column discharge being 
niaintained during only the negative or positive half cycles of the AC output voltage. In this 
half-wave discharge condition, the lamp essentially acts as a rectifier. 

The above-mentioned JP 1-251591 discloses that the non-discharging 
voltage of the lamp is higher than the discharging voltage, resulting in the amplitude of the 
AC voltage across both ends of the lamp being higher than during normal operation. 
JP 1-251591 includes a detection circuit which measures tiie AC voltage across the lamp, and 
detects the occurrence of the higher AC voltage when the lamp is in the half-wave condition. 

As the emissive material is depleted from one of the electrodes, the 
cathode fall voltage of the lamp increases which raises the temperature of the electrode 
region and the glass of the lamp envelope in the seal adjacent the electrode. In this partially 
rectifying condition, the increase in temperature can cause rupture of the lamp vessel before 
the full half-wave condition is reached, and even before 

" J tk^^wWA,*, A iAAd 

applies in particular to narrow diameter lamps. The change in the AC voltage across the 
lamp is too small to reliably detect tiiis partially rectifying condition. Detection is 
complicated by the fact that tiie difference in AC lamp voltage between lamps of the same 
type from different manufactures, as well as the variation with ambient temperatures, is often 
larger than the change in AC lamp voltage for a particular lamp between the normal and full 
half-wave condition. The change in tiie DC voltage across the lamp, however, is larger and 
can more reliably be detected. 

US-5 475 284 discloses a ballast provided with an invertor feeding a load 
circuit comprising a Huorescent lamp and provided with means that switch off the invertor 
when the deviation from tiie nominal value (0 V) of the DC-voltage over Uie lamp exceeds a 
Uireshold value. Hereinafter a deviation of a DC-voltage from its nominal value will also be 
referred to as voltage deviation. Also during ignition of the lamp a voltage deviation may 
occur over the lamp even if the lamp has not approached end of life. Consequently Uie thres- 
30 hold value has to be relatively high in order to prevent tiiat a new lamp is already switched 
off during ignition. This restricts however the sensitivity with which Uie detection means can 
detect an end of life condition of the lamp. 



20 



25 
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It is an object of the invention to provide a ballast which render possible a 
higher sensitivity of the detection means. 

According to the invention, a ballast of the type described in the opening 
5 paragraph is characterized in that the end of life detection means further comprise timer 
means which detect an asymmetric operating state if the DC-voltage detection means detect a 
deviation of the DC voltage from its nominal value for a time duration longer than a 
threshold time value. Lamp ignition only lasts a relatively short time, while the end of life 
condition is approached gradually. The threshold time value is selected to be above the 

10 expected time that a voltage deviation occurs in a "good" lamp during ignition. Because in 
the ballast of the present invention it is detected whether a voltage deviation is detected for 
longer than a first time threshold, the invertor will not be switched off even if a voltage 
deviation occurs. This allows for relatively sensitive DC-voltage detection means. Because of 
the high sensitivity, the first time threshold can be relatively long without resulting in 

IS hazardous situations. 

A favorable embodiment of the power supply of the invention is 
characterised in that the timer means includes means for storing a time value when the DC- 
voltage is no longer detected and for incrementing the time value when the DC voltage is 
subsequently detected. This renders possible a further improvement in the sensitivity of the 

20 end of life detection means. 

An attractive embodiment of the power supply according to the invention * 
is characterised in that the power supply includes reactivation means for re-igniting the lamp 
within a predetermined time after the threshold time value is exceeded. If on the one hand 
the lamp was erroneously switched off, for example by noise caused by a transient in the 

25 mains, the lamp will normally continue its operation after re-ignition. If on the other hand 
the lamp has approached end of life, the detection means will after a period corresponding to 
the time threshold value switch off the lamp again. This has the result that the discharge 
lamp recurrently extinguishes and ignites with a predetermined dwell time in between, for 
example of several seconds. This "hiccup" operation serves as an indicator to the user that 

30 the lamp needs to be replaced. The time durations during which the lamp is in operative and 
in non-operative condition can be chosen such that it keeps sufficiently low temperature to 
prevent hazardous situations. 

The DC-voltage detection means may detect a voltage deviation across the 
lamp itself, in which case the nominal value is 0 V, but it may otherwise be detected 
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indirectly. For example a device may be coupled to the lamp such that a voltage deviation is 
reflected there across when the lamp current is different for the column discharge according 
to one polarity verses the other polarity. The device may be a capacitive device, and in a 
particularly inexpensive implementation, is a DC blocking capacitor in the ballast which is 
5 otherwise normally present to block low level DC components from the lamp during 
operation. Alternatively, if the ballast includes a current limiting ballast capacitor, the 
voltage deviation reflected across this ballast capacitor may be detected. In still another 
embodiment, the voltage deviation generated by asymmetric operation of the lamp is detected 
in a bridge circuit at an end of a load branch including the discharge lamp. 

10 A favorable embodiment of the power supply of the invention is 

characterised in that said ballasting means include a DC source having a DC potential, a 
bridge inverter including a pair of switches series connected across said DC source, a load 
circuit including output terminals for the discharge lamp, said load circuit having a first end 
coupled to a node between said switches and a second end, a half bridge supply capacitor 

IS coupled to the DC source and said second end of said load circuit, and means for switching 
said switches to generate an AC signal across the discharge lamp, said switches being 
switched such that the DC voltage at said second end of said load circuit has a nominal value 
in a non-asymmetric operating state of the lamp equal to one-half said DC potential, said 
detection means detecting the voltage deviation generated by said asymmetric operating state 

20 of the lamp. 

In an implementation of said embodiment the detection means include 
means for setting a high threshold voltage equal to said nominal value plus a DC threshold 
value and a low threshold voltage equal to said nominal value minus said DC threshold 
value, means for comparing the DC voltage at the second end of said load circuit with said 
25 high and low threshold voltages, and for outputting a control signal when the DC voltage at 
said second end of said load circuit is higher than said high threshold voltage or lower than 
said lower threshold voltage. 

Another favorable embodiment of the power supply of the invention is 
characterised in that the DC-voltage detection means comprise means for determining the 
30 magnitude of the voltage deviation from the nominal value and means for comparing said 
magnitude with a threshold voltage, and for outputting a control signal when said magnitude 
is higher than said threshold voltage. In this embodiment it suffices to compare the DC- 
voltage with a single threshold value. 

These and other objects, features and advantages of the invention will 
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become apparent with reference to the accompanying drawings and the following detailed 
description and claims. 

S In the drawing: 

Figure 1 schematically illustrates in simplified form a lamp system 
including a power supply and fluorescent lamp; 

Figure 2 shows the difference in the lamp current waveform between the 
positive and negative half-cycles for a partially rectifying condition of the lamp which could 
10 cause a lamp envelope failure; 

Figure 3 is a block diagram of a power supply according to the invention; 
Figure 4 illustrates in more detail a portion of the embodiment of Figure 

3; 

Figure 5 A is a block diagram of a second embodiment of a power supply 
15 according to the invention; 

Figure 5B illustrates in more detail a portion of the embodiment of a 

Figure 5A; and 

Figure 6 illustrates a third embodiment of the power supply according to 

the invention. 

20 

Figure 1 illustrates schematically a lamp system including a low pressure 
mercury vapor gas discharge lamp 400, commonly known as a fluorescent lamp, and a 
power supply 300 for igniting and operating the lamp. The power supply 300 includes a 

25 current limited AC voltage source, which may be low or high frequency, and which includes 
capacitor 320 coupled in series with the lamp 400. The lamp includes a pair of tungsten 
filament electrodes 414 each provided with an electron emissive material having a lower 
work function than the tungsten, and a discharge sustaining fill of mercury and a rare gas. 
During operation, a column discharge is maintained between the electrodes 414 during both 

30 the positive and negative half-cycles of the AC voltage source. When an electrode 414 is the 
cathode it emits electrons to ignite and maintain the column discharge during the respective 
half-cycle. Over lamp life, the electron emissive material is depleted from the electrodes, 
typically at a different rate for each electrode. This depletion is manifested by darkening of 
the lamp envelope in the area of the electrodes. As the emissive material nears full depletion, 
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the tungsten material emits more electrons to support the discharge. Since the tungsten 
material has a higher work function, the cathode falfvoltage increases. This causes an 
increase in temperature of the electrode region, with a consequent increase in temperature in 
the seal area 412. In effect, the increased cathode full voltage causes the lamp to consume 
more power, with the additional power being dissipated in the form of heat at one end of the 
lamp. If lamp operation were to continue in this manner, there is the possibility that the lamp 
envelope could fail, even violently. 

The imbalance between the electrodes effects the shape of the lamp 

current waveform. 

Failure-causing overheating of tiie lamp envelope often occurs well before 
the fiiUy rectified condition is reached, when the difference in the lamp current waveform 
between the positive and negative half-cycles is much smaller than for the fully rectified 
condition. Figure 2 shows the typical lamp current waveform for a partially rectifying 
condition which was found to cause lamp envelope failure. The magnitude of the positive and 
15 negative half-cycles is essentially the same. The only difference is that the shape of tiie 

negative half-cycle near the crest (see ref. arrow A> is diff^r^nt fr«r« tK« ck, *• .w- 

positive half-cycle. This minor difference in the waveform makes it impractical to use either 
the AC lamp current or tiie resulting AC voltage to detect this partially rectifying condition. 

However, the difference in the lamp current causes a DC voltage across 
Uie lamp with a magnitude, both in absolute terms and as a percentage of the nominal lamp 
voltage, which is much easier to detect. In Figure 1, the arrows diagrammatically represent 
the lamp current and the meters 500, 510 illustrate the DC lamp voltage. When tiie lamp 
current for both half cycles is at least substantially equal as represented by the arrows with 
solid lines, for example in a relatively new lamp, tiiere is no or almost no DC voltage across 
tiie lamp. However, witii an aged lamp in a partially rectifying condition (as represented by 
the dashed arrows), the product of the lamp impedance and the small differences in tiie lamp 
current waveform produces a DC voltage across the lamp (as indicated by the dashed needle 
on meter 500) which is easily detectable. For example, in a 26 W lamp, tiiis DC voltage 
varies between 0 V for a new lamp and about 30 V for a lamp near end of life, as compared 
30 to a nominal lamp voltage of about 80 V AC. 

This DC voltage can be measured in numerous ways. A very convenient 
circuit utilizes tiie reflection of tiie lamp voltage on oUier circuit components. As illustiated 
in Figure 1, a DC voltage equal to ttie DC voltage across tiie lamp is reflected across tiie 
capacitor 320 connected in series witii ttie lamp, as indicated by the meter 510. Depending 
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on the ballast design, this capacitor could be a current limiting ballast capacitor or a DC 
blocking capacitor. 

Figure 3 is a block diagram of a first embodiment of the power supply of 
the invention. The power supply shown in Figure 3 has input terminals Kl, K2 for connecti- 
5 on to an AC mains supply having a mains supply frequency. The power supply further has 
output terminals Tl, T2 for connection to a gas discharge lamp having a pair of discharge 
electrodes between which a column discharge is maintainable during lamp operation. The 
power supply may have further output terminals for further discharge lamps. Ballasdng 
means are connected between the input terminals and the output terminals. The ballasting 

10 means provide an AC voltage at the output terminals to maintain a column discharge between 
the discharge electrodes of the discharge lamp. The voltage alternates with one polarity and 
with the opposite polarity at a frequency substantially higher than the mains supply 
frequency. In the embodiment shown the ballasting means include an EMI and triac damping 
filter "A^, a full bridge input rectifier "B", a pre-condiuoner circuit "C", a ballast circuit 

15 "D" including a DC-AC convertor, or invertor resonant tank output circuit "F" and 
controller -G" which controls the inverter E. 

The full bridge input rectifier "B" and the EMI and triac damping filter 
••A- connected thereto, together convert an AC power line voltage into a rectified, filtered 
DC voltage at pre-conditioner circuit -C. The latter includes circuitry for active power 

20 factor correction, as well as for increasing and controlling the DC voltage from the rectifier 
circuit B, which DC voltage is provided across a pair of DC rails RLl, RL2. Circuit "D" 
controls operation of the lamp. The inverter E is for example a half-bridge configuration 
which under control of the half-bridge controller, or driver. The inverter E provides a high 
frequency substantially square wave output voltage to the output circuit F. The resonant tank 

25 output circuit F converts the substantially square wave output of the half-bridge into a 
sinusoidal lamp current. 

The safety circuit "H" is provided with switch off means (not shown) 
which prevents an output voltage from being present at the lamp terminals when one or more 
fluorescent lamps connected to the power supply have failed or have been removed from 

30 their socket. The safety circuit also restans the controller G when its senses that both 

filament electrodes in each lamp are good. The safety circuit is further provided with end of 
life detection means for detecting an asymmetric operating state of the lamp in which the 
lamp current for the column discharge of one polarity is different from the lamp current for 
the column discharge of the other polarity. The end of life detection means serve to switch 
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off the lamp if an asymmetric operating state is detected. The end of life detection means 
comprise DC-voltage detection means for delecting i deviation of a DC-voltage from a 
nominal value due to an asymmetric operating state of the lamp. The end of life detection 
means further comprise timer means which detect an asymmetric operating state if a voltage 
5 deviation is detected for a time duration longer than a threshold time value. 

A dimming interface circuit "I" is connected between an output of the 
preconditioner -C" and a control input of ballast circuit present at the controller G to control 
dimming of the lamp. The dimming interface circuitry provides a dimming voltage signal to 
the controller G which is proportional to the setting of the phase angle dimmer. Such a 

10 ballast is known from and fully described in U.S, application serial No. 08/414,859 filed 
March 31, 1995 entitled "Electronic Ballast With Interface Circuitry for Phase Angle 
Dimming Control", now U.S. Patent 5 559 395, herein incorporated by reference. 

Figure 4 shows the DC-voltage detection means of the embodiment of 
Figure 3 in more detail. The DC blocking capacitor C25, the transformer T4, the power 

15 supply transformer T2, the inverter switches Q2 and Q3, and the integrated circuit IC U4 are 
the same as those shown in Fig. 2 of U.S. 5 559 395. The end of life detection means V 
include DC voltage detection means "VD" which activates a control circuit formed by the 
optocoupler Ol, which on its turn activates timer means "Ti". The timer means detect an 
asymmetric operating state of the lamp and cause the end of life detection means to switch 

20 off the lamp if a deviation from the nominal value (0 V) of the DC-voltage over the blocking 
capacitor C25 is detected for a time duration longer than a threshold time value. 

The DC-voltage detection means include a breakdown device in the form 
of a pair of zener diodes D25, D26 and a resistor R40 in series with the input terminals of 
the optocoupler, all connected in series across the DC blocking capacitor C25. Any DC 

25 components generated by the lamp in either direction are blocked by and are reflected across 
the DC blocking capacitor C25. The DC blocking capacitor C25 is otherwise present to 
block low level DC components generated in a "good" lamp which would adversely affect 
the operation of the output transformer T4. In Fig. 4, the zener diodes D25, D26 are each 
rated at 25 V. The resistor R40 functions to limit the current into the input terminals of the 

30 optocoupler, to a current suitable for the optocoupler, once the zener diodes breakdown in 
response to their combined breakdown voltage appearing across the DC blocking capacitor 
C25. 

During normal operation, the lamp current during the positive half-cycle 
is substantially the same as during the negative half-cycle of the AC output voltage. Thus, an 
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essentially balanced condition exists for the lamp current. As a result, the DC component of 
the voltage across each lamp is very small. Consequently the deviation from the nominal 
value of the DC-voltage across the DC blocking capacitor C2S, is insufficient to cause the 
zener diodes D2S, D26 to breakdown. However, as the lamp current becomes asymmetric in 
S one of the lamps, as shown in Figure 2, the DC component of the lamp voltage will no 
longer be small, and will cause the zener diodes D25, D26 to breakdown. This causes the 
light emitting diode in the optocoupler to emit light, and close the switch within optocoupler 
Ol, which has one switch terminal connected to ground and the other switch terminal 
connected to the timer means Ti", which detect an asymmetric operating state if the voltage 

10 deviation is detected for a time duration longer than the threshold time value. The timer 

means then deactivate the integrated circuit IC U4, which controls the switching of the half* 
bridge inverter switches Q2, Q3. With IC U4 turned off, the inverter stops oscillating and 
the lamps are extinguished. By turning off the lamps, damage to ballast components from the 
lamps operating in an unbalanced condition is avoided. More importanUy, catastrophic failure 

15 of the lamp envelope due to overheating of the depleted cathode and the surrounding glass is 
prevented. 

The IC U4 includes a dim input (Pin 4, DIM) for receiving a dim. signal. 
The IC U4 controls the switching of switches Q2, Q3 to control the light level of the 
discharge lamp at a level corresponding to the dim signal. In the embodiment herein 

20 incorporated by reference from the above-mentioned US 5 559 395, the dim signal is a 
voltage supplied by a dim interface circuit receiving the rectified output of a triac dimmer. 
The dim signal can be supplied in other ways, however, such as directly by a third wire. 

During lamp ignition it is possible that there will be asymmetry for a brief 
period of time even in a "good* lamp, for which it is not desired to shut down the inverter. 

25 This may be caused, for example, by the manner in which the electrodes are pre-heated. The 
timer means "Ti** prevent the ballast from being shutdown in this event. In particular, the 
timer means measure the time duration that the DC voltage is above the selected threshold 
voltage. If the time duration exceeds the threshold time value, set longer than the typical 
ignition time for a '•good" lamp, the lamp will be switched off. 

30 A second embodiment of the power supply of the invention is shown in 

Figures 5A and 5B. In this embodiment the power supply includes reactivation means for 
igniting the lamp within a predetermined time after the first threshold time value is exceeded. 
The ballast remains off for said predetermined time, after which ignition is attempted. For a 
"good" lamp, the lamp will start and operate normally. For a rectifying lamp, the lamp will 
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ignite and stay lit for a time period corresponding to the threshold time value and then be off 
during the predetermined time. The lamp will continue to cycle or "hiccup*' in this manner, 
signalling to the user that the lamp needs to be replaced. 

Figure SA is a block diagram of the power supply. The voltage deviation 
5 generated by the asymmetric state of the lamp is detected across a ballast capacitor N. The 
power supply shown has input terminals Kl, K2 and output terminals Tl, T2. The ballasting 
means of the power supply of Figure 5 A comprise a full wave bridge rectifier "K", a power 
oscillator "L", a transformer "M", and the ballast capacitor -N". The full wave bridge 
rectifier *K" provides a DC voltage to a power oscillator "L". from an AC mains voltage at 

10 its inputs Kl, K2. The power oscillator includes a pair of switches and provides a high 
frequency AC output voltage to the transformer -M". The discharge lamp is connected to 
output terminals Tl, T2, in series with the ballast capacitor -N" to a secondary winding of 
the transformer "M". The ballast transformer provides a constant voltage source while the 
capacitor N limits current to the lamp. 

15 The power supply is provided with end-of-Iife detection means "P", which 

are shown fully in Figure 5B. 

The heart of the timer means is formed by a 14 stage ripple binary 
counter CTR, The timer means further comprise semiconductor switches Q20 and Q21, 
diodes D36 - D39, capacitors C54, C55 and resistors R54 - R59. The timer means measure 

20 the time that the DC voltage is above the threshold voltage, control the hiccup operation of 
the lamp once the threshold is passed, and prevent a good lamp from being shut-off during 
ignition. The counter CTR is powered by a low voltage supply provided at inputs PI 
(ground) and P3, which may be for example a tapped winding of the transformer "M". The 
zener diode D35 is connected across the inputs 1, 3 in parallel with the capacitor C53, which 

25 together provide voltage regulation and filtering. The power input VCC of the counter CTR 
is connected to input P3. The resistor R58 and the capacitor C55 have an RC time constant 
which controls the oscillation frequency of an internal oscillator within counter CTR and are 
connected at respective inputs RTC and CTC. The resistor R58 and capacitor CSS are 
coupled to ground via pull-down resistor R57 through switch Q21. The internal oscillator 

30 only oscillates when switch Q21 is not conducting, i.e. in its OFF state. When switch Q21 
becomes conductive (turns "ON"), the oscillator stops oscillating by grounding the RS input. 
Additionally, whenever power is applied to inputs PI, P3 to turn the counter CTR "ON-, the 
muldple stages of counter CTR are reset to logic 0 by a pulse generated on the node between 
the resistor R56 and the capacitor C54 and the master reset input MR. 



BNSDOCID: <WO 9743879A1J_> 




wo 97/43879 H PCT/IB97/00482 

The DC-voltage detection means -Vd" comprise diodes D30 - D33, 
zenerdiode D34, resistors R50 - R53 and capacitors C50 - C52. The DC voltage is sensed by 
a pair of sense resistors R50, R51 each connected to a respective end of the ballast capacitor 
"N". Since the ballast capacitor controls the current through the lamp, the sense resistors arc 
5 selected to permit detection of the voltage across the ballast capacitor while drawing little 
cuirent. The other ends of the resistors R50, R51 are connected to a full bridge rectifier 
consisting of diodes D30, D31, D32 and D33. The bridge rectifier forms means for 
determining the magnitude of the deviation from the nominal value of the measured DC- 
voltage. The capacitors C50 and C51 filter the high frequency ripple present on the DC 

10 voltage sensed by the resistors R50, R51. The cathode of the zener diode D34 is connected 
to the output of the full bridge rectifier at the cathodes of D30 and D31. The zener diode 
D34 has a breakdown voltage selected as a predetermined threshold value for the DC voluge 
level, and also prevents noise from influencing the operation of the DC-voltage detection 
means. The zener diode forms means for comparing the afore-mentioned magnitude with a 

15 threshold voltage. When the diode D34 breaks down, the switch Q20 transfers the breakdown 
voltage to a logic level. The base of switch Q20 is connected to the anode of the zener diode 
D34 via series resistor R52 which limits the current to the base. The emitter of switch Q20 is 
connected to the anodes of the diodes D32, D33 and to reference ground. The capacitor C52 
provides additional filtering. The resistor R53 is a pull down resistor and ensures that the 

20 switch Q20 turns off when the detected voltage falls below the threshold voltage. The 
collector of switch Q20 is connected to input P3 via the resistor R54 and to the base of 
switch Q21. The switch Q21 serves to invert the logic output of the switch Q20. The switch 
Q20. the resistors R52, R53 and the capacitor C52 form means for outputting a control 
signal. 

25 The counter CTR includes a 14 stage binary counter which counts the 

oscillations of the internal oscillator, whenever the input RS is high. The coupling of the 
outputs of these stages determines the length of the threshold time value and of the 
predetermined time for reactivation. In this embodiment, the outputs Qll, Q12, Q13 of the 
stages 11-13 are logic "OR-ed together via diodes D36, D37, D38. The cathodes of the 

30 diodes D36-D37 are connected to ground via the resistor R59, to the control gate of a mosfet 
switch Q22, which forms switch off means Sw, and to the base of switch Q20 via a resistor 

R55 and a diode D39 connected in series, The source of the mosfet switch Q22 is connected 

to the base of switch Q^j of the power oscillator "L" and the drain of switch Q22 is 
connected to ground. Whenever the output of either of stages Ql 1, Q12, or Q13 are high, 
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the output of the counter CTR is high. 

The operation of the end of life detection means is as follows. When 
power is applied to inputs PI, P3 the multiple stages of counter CTR are reset to logic 0. 
Switch Q20 is normally open and switch Q21 is normally closed, so the internal oscillator of 
5 the counter CTR is off. Whenever a DC voltage greater than the threshold voltage is present 
across the ballast capacitor "N", the zener diode D34 breaks down, closing switch Q20, 
which opens switch Q21. This causes the internal oscillator to oscillate and the 14 counter 
stages to count the internal oscillations. If the detected DC voltage across capacitor "N" falls 
below the threshold voltage, the switch Q20 opens, closing switch Q21 and stopping the 
10 internal oscillator of counter CTR, Counter CTR effectively stores the existing count. When 
the zener diode D34 subsequently breaks down again, switch Q20 closes, opening switch 
Q21, and restarting the internal oscillator and count of the counter CTR. Thus, the counter 
effectively integrates the time at which the DC voltage across ballast capacitor -N" exceeds 
the threshold voltage. 

15 When the logic output Qll of the 11th stage goes high, the ORed counter 

output is high. This closes the mosfet switch Q22, which grounds the base of the switch Qu 
of oscillator "L", stopping oscillation of oscillator "L" and extinguishing the lamp. The high 
ORed output applied to the base of switch Q20 through resistor R55 and diode D39 keeps 
switch Q20 closed and switch open, thereby keeping the counter CTR counting. Counter 

20 CTR keeps counting until the ORed output of stages Q11-Q13 turns low, which signifies the 
end of the second time period being reached. When the ORed output turns low, both the 
mosfet switch Q22 and the bipolar switch Q20 open. The latter closes switch Ql2, resetting 
counter CTR to count 0. Once switch Q22 opens, the base of switch 0^2, is no longer 
grounded and the inverter ignites and operates the lamp. In one embodiment, the threshold 

25 time value was selected as 1.25 seconds and the predetermined time for reactivation as 8. 75 
seconds. Thus, once a lamp reaches a stage where it rectifies the lamp current so that the 
resulting DC level. is above the threshold value, the lamp will be lit for 1.25 seconds and off 
for 8.75 seconds. This cycle repeats and signals the user that the lamp needs to be changed. 

It should be noted that the threshold time value is selected to be longer 

30 than any asymmetry in the lamp current which is expected to be present during ignition of a 
good lamp and which exceeds the threshold voltage. If such asymmetry occurs during 
ignition, the counter CTR will begin counting, but the DC voltage across the ballast 
capacitor will subsequently fall below the threshold value, thereby stopping counter CTR 
prior to the ORed counter output having turned high. Consequently, counter CTR will stop 
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counting and the count will remain the same during lamp operation and not turn the lamp off 
since for a good lamp, the DC voltage will remain below the threshold voltage. 

Figure 6 shows a third embodiment of the power supply of the invention. 
The circuit takes advantage of the reflection of the DC lamp voltage to the midpoint of a 
S bridge inverter in a non-isolated high frequencyCHF) ballast, i.e. a HP ballast without an 
output isolation transformer as in the above-mentioned US 5 559 395. Such a power supply 
may be used, for example, in a compact fluorescent lamp. In Figure 6, only the relevant 
portion of the bridge inverter is shown, which in this implementation is half-bridge having a 
first DC bus RL3 at ground potential and a second DC bus RLA at a voltage HV + , for 

10 example 320V. The buses RL3 and RL4 and a low voltage bus VDD are connected to a 
AC/DC convenor (not shown) with input terminals for connection to an AC mains supply. 
The bridge circuit includes a first branch with a pair of (schematically illustrated) switches 
SI, S2 connected in series across buses RL3, RL4 and a second branch in parallel to the first 
branch including half-bridge supply capacitors C61, C62 also series connected across buses 

15 RL3, RL4. A resonant load branch is connected in series between the midpoints Ml, M2 
between the capacitors C61, C62 and the switches SI, 52, respectively. The load branch 
includes lamp L connected at output terminals Tl, T2 in series with inductor LIO, with 
filament heating capacitor C63 in parallel with the lamp and in series with the filament 
elecurodes. It should be noted that the ballast capacitors C61, C62 could be replaced by a 

20 single ballast capacitor C64 (shown in dotted lines) and having the combined value of 
capacitors C61 and C62. The DC/AC-convertor and the bridge circuit connected thereto 
form ballasting means. 

Control circuits for driving the switches SI, S2 are well known in the art, 
and not relevant to the end of life detection means. Consequently they will not be further 

25 discussed. In nominal operation with a 50% duty cycle of each of switches SI and S2, the 
nominal value of the DC voltage at midpoint Ml is 1/2 HV + . A voltage deviation appearing 
across the lamp in. its rectifying state will be reflected at point Ml as a deviation of the DC- 
voltage at that point. This can be detected and used to stop inverter oscillation and turn off 
the lamp. 

30 The end of life detection means employ some of the same components and 

logic as used in the immediately preceding embodiment. Consequently, components the same 
as those in Figure 5B share the same reference numerals. A low voltage bus VDD provides 
power to the counter CTR at terminal VCC. The resistors R61 and R62 are connected in 
series between the midpoint Ml and ground, and reduce the voltage detected at point Ml 
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sufficiently to protect the remaining components of the detection circuit. The capacitor C65 
is connected in parallel with the resistor R62 and forms together with the resistor R62 a low 
pass filter which filters out the high frequency component of the signal at node Ml caused by 
the high frequency switching of half-bridge switches SI, S2. The resistors R63, R64 and R6S * 
S are connected in series between the VDD bus and ground and form a voltage divider which 
provides a low threshold voltage at a node between the resistors R64 and R6S and a high 
threshold voltage between the resistors R63 and R64. The two threshold voltages correspond 
to the nominal value (HV+/2) plus and minus (+/-) the desired threshold value for 
asymmetry detection. A comparator COMPl has its inverting (-) input terminal connected to 

10 the node between the resistors R63 and R64 and a comparator COMP2 has its non-inverting 
(+) input terminal connected to the node between the resistors R64 and R6S* The non- 
inverting {+) input terminal of the comparator COMPl and the inverting (-) input terminal 
of the comparator C0MP2 are connected to a node between the resistors R61 and R62. The 
outputs of the comparators COMPl and COMP2 are connected to the input of a NOR gate 

15 GL The NOR gate also has an input connected to the '•OR"ed outputs Ql 1, Q12, Q13 of the 
counter CTR. The output of the NOR gate Gl is coupled to the base of bipolar switch 021. 
The collector of switch Q21 is connected to the RS terminal. The collector is also connected 
to the CT terminal via resistor R57 and capacitor C55. The collector is further connected to 
the RT terminal via resistors R57 and R58 The emitter of switch Q21 is connected to ground 

20 in the same manner as in Fig. 5B. 

The end of life detection means operate as follows. When the DC voltage 
at node Ml is above the high threshold voltage, the output of the comparator COMPl will be 
high and if the DC voltage at node Ml is below the low threshold voltage, the output of the 
comparator COMP 2 will be high. Either situation corresponds to a DC voltage across the 

25 lamp due to asymmetric operation being greater than the selected threshold. Whenever either 
of the outputs of COMPl or COMP2 are high, the output of the NOR gate Gl is low, switch 
Q22 is open, and the counter CTR counts up. After the time threshold value the -OR"ed 
output of the counter CTR becomes high, closing the mosfet switch Q22. The drain QD of 
mosfet Q22 is connected to ground and the source QS is connected to the base or control 

30 gate of one of the inverter switches SI, S2, Alternatively, the source of switch Q22 may be 
connected to a control or power supply input of a control circuit for the switches SI, S2. For 
either case, the switch Q22 when conductive prevents inverter oscillation and extinguishes 
the lamp. The circuit provides the same hiccup operation as in Fig. 5B. It is also possible for 
the output of the NOR gate Gl to be connected to a control or power supply input of a 
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control circuit for the switches SI, S2. 

While there has been shown to be what are considered to be the preferred 
embodinoents of the invention, it will be apparent to those of ordinary skill in the art that 
various modifications can be made without departing from the scope of the invention as 
defmed by the appended claims. Accordingly, the disclosure is illustrative only and not 
limiting. 
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CLAIMS: 



^- A power supply for feeding and igniting a gas discharge lamp, said power 

supply comprising: 

a) input terminals (Kl, K2) for connection to an AC mains supply having a 
mains supply frequency, 

5 b) output terminals (Tl, T2) for connection to a gas discharge lamp having a 

pair of discharge electrodes between which a column discharge is maintainable during lamp 
operation, 

c) ballasting means (K, L, M, N) connected between said input terminals and 
said ou^ut terminals, said ballasting means providing an AC voltage at said output terminals 

10 to maintain a column discharge between the discharge electrodes of the discharge lamp 

alternately with one polarity and with the opposite polarity at a frequency substantially higher 
than the mains supply frequency, and 

d) end of life detection means (P) for detecting an asymmetric operating state of 
the lamp in which the lamp current for the column discharge of one polarity is different from 

15 the lamp current for the column discharge of the other polarity, and for switching off the 
lamp if a said asymmetric operating state is detected, which end of life detection means 
comprise DC-voltage detection means (VD) for detecting a deviation of a DC-voltage from a 
nominal value due to a said asymmetric operating state, 
characterised in that 

20 the end of life detection means (P) further comprise timer means (Ti) which detect an 

asymmetric operating state if the DC-voltage detection means detect a deviation of the DC 
voltage from its nominal value for a time duration longer than a threshold time value. 
2' A power supply according to claim 1, characterised in that the timer 

means (Ti) includes means for storing a time value (CTR) when the DC-voltage is no longer 

25 detected and for incrementing the time value when the DC voltage is subsequently detected. 
3' A power supply according to claim 1 or 2, characterised in that the power 

supply includes reactivation means (Ti) for igniting the lamp within a predetermined time 
after the first threshold time value is exceeded. 

A power supply according to claim 1, 2 or 3, characterised in that said 
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ballasting means includes a DC source (GND, HV+) having a DC potential, a bridge 
inverter including a pair of switches (S 1 , S2) series connected across said DC source, a load 
circuit (LIO, C63, Tl, T2) including output terminals (Tl, T2) for the discharge lamp, said 
load circuit having a first end coupled to a node (M2) between said switches and a second 
5 end, a half bridge supply capacitor {C61) coupled to the DC source and said second end of 
said load circuit, and means for switching said switches to generate an AC signal across the 
discharge lamp, said switches being switched such that the DC-voltage at said second end of 
said load circuit has a nominal value in a non-asymmetric operating slate of the lamp equal 
to one-half said DC potential, said detection circuit (VD) detecting the deviation of the DC- 

10 voltage from the nominal value generated by said asymmetric operating state of the lamp. 
5. A power supply according to claim 4, wherein the detection means 

includes means (R63 - R65) for setting a high threshold voltage equal to said nominal value 
plus a DC threshold value and a low threshold voltage equal to said nominal value minus 
said DC Uireshold value, means (COMPl, COMP2) for comparing the DC voltage at the 

15 second end of said load circuit with said high and low threshold voltages, and means (Gl) 
for outputUng a control signal when the DC voltage at said second end of said load circuit is 
higher than said high threshold voltage or lower than said lower threshold voltage, 
6- A power supply according to claim 1, 2, 3 or 4, characterised in Uiat the 

DC-voltage detection means (VD) comprise means for determining the magnitude (D30-D31) 

20 of deviation of the DC-voltage from the nominal value and means (D34) for comparing said 
magnitude with a threshold voltage, and for outputting a control signal when said magnitude 
is higher than said threshold voltage. 
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